Analysis of perinatal mortality in newborn infants with a birth weight of less than 1000 grams in Hospital San Cecilio in Granada (Spain) over the 1991-2010 period ABSTRACT Introduction. Perinatal mortality has significantly decreased over the last decades. Low birth weight and prematurity are amongst the strongest predictors of neonatal death. The main objective is to analyze the evolution of perinatal mortality and its causes in newborn infants with a birth weight of less than 1000 grams over the last 20 years (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010). Population and Methods. Observational, descriptive, longitudinal and ecological study. A total of 264 infants weighing less than 1000 g out of a total of 56 024 births during the study period. Different specific perinatal mortality rates by weight were calculated. The Spearman's Rho correlation coefficient was applied to assess the relationship between mortality rates and years of study, and ANOVA and Mann-Whitney test were used to compare five-year periods and tenyear periods, respectively. Results. There were 131 perinatal deaths, 82 stillbirths and 49 early neonatal deaths; 64.1% of them occurred before 27 weeks of gestation. Only the fetal mortality rate was statistically significant, although perinatal mortality showed a downward trend, without reaching significance. The main immediate causes of death were extreme prematurity, intrauterine hypoxia and infection. The underlying causes related to death in this group of newborn infants were infection caused by premature rupture of membranes, maternal hypertension, uncontrollable preterm labor and twin pregnancy. Conclusions. The reduction in mortality rates in this group of newborn infants is undergoing a slowdown.
marked reduction, but still more than 7 million children die over this period around the world every year. 2 The percentage in Europe is 4.5-8.7%; 3 in Spain it is approximately 5%. 4 Such reduction has been caused by an improvement in population health and the health care received by mothers and newborn infants 5 and, especially, by the development of new technologies to monitor fetal well-being and neonatal care.
Low birth weight (LBW) is the main individual factor that determines the newborn's likelihood of survival and healthy growth and development. As a consequence, prematurity and LBW are the predictive factors most strongly associated with mortality, with a direct relation between birth weight and perinatal mortality. 1, 3 This research focuses on the group of newborn infants with a birth weight of less than 1000 g, categorized by the International Classification of Diseases and Related Health Problems 10th Revision (ICD-10), 6 as extremely low birth weight. Improving survival and avoiding the causes leading to birth in this age group and weight range may have an impact on perinatal mortality reduction.
The objective of the study is to analyze the evolution of perinatal mortality in newborn infants with a birth weight of less than 1000 g in Hospital Universitario San Cecilio, (HUSC) in Granada (Spain) over the 1991-2010 period.
It is completed with the analysis of perinatal mortality causes in this group of newborn infants and maternal conditions and obstetrical and neonatal pathologies that contribute to mortality. 
Milagros Cruz Martínez

Population
From January 1, 1991 to December 31, 2010 (temporal series: 20 years), there were 264 newborn infants with a birth weight of less than 1000 g out of 56 024 births in the HUSC in Granada (Spain). There were 131 perinatal deaths within the study group out of 417 perinatal deaths.
Exclusion criteria: Newborn infants with a birth weight of less than 500 g or more than 999 g.
Method
Descriptive analysis of different endpoints. The different mortality rates recommended by the WHO 6 (fetal, early neonatal and perinatal death) were estimated and applied to newborn infants with a birth weight of 500-999 g in this study.
The Spearman's Rho correlation coefficient was used to assess the relation between the different mortality rates and the years of study (temporal trend).
After grouping the study period in four fiveyear periods and two ten-year periods, the different mean rates under study were compared. An ANOVA test of a post hoc factor adjusted with Bonferroni's method was used to compare fiveyear periods, and a Mann-Whitney test was used to compare ten-year periods.
The statistical software used was SPSS 15.00, and differences were considered statistically significant if they had a p value of <0.05.
Hospital autopsies were always performed by the same person and mortality causes were analyzed by the same team; each case was discussed and analyzed, together with the consistency between the clinical diagnosis and the anatomical pathology report.
RESULTS
A total of 264 newborn infants with a birth weight of 500-999 g (0.47% of total newborn infants) were studied.
A total of 131 perinatal deaths occurred in the studied group (500-999 g), which accounts for 31.41% of all perinatal deaths.
1. Analysis of mortality during the perinatal period according to the week of gestation (WG) at the moment of birth Table 1 reflects mortality and shows that a larger number of perinatal deaths occurred before WG 24 (38.9%), followed by WG 24-26 (25.2%).
The assessment of the time of perinatal death shows that fetal deaths are also more frequent before WG 24 (40.2%). This was also observed in early neonatal deaths (36.7% before WG 24), essentially because all extremely premature newborn infants die over the first days of birth.
Analysis of mortality rates (Figure 1)
The total of 131 perinatal deaths was divided in 82 fetal deaths and 49 early neonatal deaths.
The mean fetal mortality rate was 308.66 ± 133.85‰, with 500‰ in 1991 and 250‰ in 2010. In spite of its wide extent (0-555.5‰), a significant reduction has been achieved (Rho: -0.538) (p = 0.015).
The mean early neonatal mortality rate was 300.84 ± 206.17‰, also with wide ranges over the years of study (0-800‰), and this has resulted in not reaching significance (Rho: 0.065) (p = 0.784). Only newborn infants with a birth weight of 500-999 g, were considered for the extremely low birth weight group, as recommended by the WHO. %: percentage.
The perinatal mortality rate was 508.12 ± 191.76‰, also with a wide range (0-857.14‰), but it showed a downward trend (Rho: -0.244), which was not significant (p = 0.3).
The distribution of the period in four five-year periods and the comparison of their means (Table  2) show that only fetal mortality had statistically significant differences from the first five-year period (1991) (1992) (1993) (1994) (1995) to the third five-year period (2001) (2002) (2003) (2004) (2005) .
There were no significant differences regarding early neonatal mortality or perinatal mortality.
In order to complete the study, we analyzed if there were differences between the various mean rates in the two ten-year periods of the study (Table 3) , and we found that only fetal mortality shows statistically significant differences.
Causes of death
A total of 88 perinatal autopsies were performed; of these, 59 corresponded to fetal deaths and 29 were early neonatal deaths.
The clinical diagnosis and the results of the anatomical pathology report were consistent in 86% of the fetal mortality group and in 80% of the Fetal mortality: fetal mortality rate in newborn infants with a birth weight of <1000 g = (fetal deaths with a birth weight of <1000 g/total births with a birth weight of <1000 g) x 1000. Early neonatal mortality: early neonatal mortality rate in newborn infants with <1000 g = (early neonatal deaths in live infants with a birth weight of <1000 g/total live infants with a birth weight of <1000 g) x 1000. Perinatal mortality: perinatal mortality rate in newborn infants with a birth weight of <1000 g = (fetal deaths with a birth weight of <1000 g + early neonatal deaths of live infants with a birth weight of <1000 g/total births with a birth weight of <1000 g) x 1000. NS: not significant. Significant if p < 0.05.
Mortality over the perinatal period in newborn infants with a birth weight of less than 1000 grams . . . 0/00 newborn infants neonatal mortality group; for the rest, the cause of death was established by the autopsy. The main immediate causes of death (Table 4 ) were extreme prematurity (23.7%), intrauterine hypoxia (22.9%) and infection (15.3%). Hyaline membrane disease was present in 9 cases (6.9%), and malformation occurred in 11 cases (8.4%). Other pathologies included 4 cases of twin-to-twin transfusion syndrome and 7 cases of intrauterine growth retardation. There was no intraventricular hemorrhage listed as an immediate cause of death.
Intrauterine hypoxia and birth asphyxia have reduced along the study period (from 25.7% to 20%); however, the number of infection-related deaths (from 9.1% to 21.5%) and disorders related to short gestation and low birth weight (extreme immaturity) have increased (from 19.7% to 27.7%) over the last decade. Isoimmunization and twinto-twin transfusion syndrome have disappeared as cause of death in this group over the last tenyear period.
When considering the leading causes of perinatal death (Table 5) , premature rupture of membranes (PROM) leading to chorioamnionitis/ sepsis occurred in 31 cases (23.7%).
Birth-related conditions, basically uncontrolled uterine dynamics that results in a preterm delivery, was the cause of 25 deaths (19.1%) and became the third leading cause of death, after infection and fetal compromise due to placental, umbilical cord and membrane complications.
The most important associated maternal pathology was hypertension (22 cases), which was the leading cause of death in 19 of these. Placental pathology occurred in 20 cases: 14 were cases of placental abruption, sometimes associated with maternal hypertension (10.7%); the rest of the cases were related to placenta praevia or placental infarction. Umbilical cord pathology (cord entanglement, cord prolapse) was the main cause of death in 9 cases.
It should be noted that 31 deaths were related to multiple pregnancies (21 twin gestations and 
DISCUSSION
Perinatal mortality studies pose multiple hurdles because of the problem of establishing definitions and diagnostic criteria, 7 the problem of under-reporting [8] [9] [10] [11] [12] [13] which prevents obtaining "exact" statistics, and the problem of cause analysis since there is no universal classification system applicable to perinatal deaths, and such causes might involve the mother, the fetus or the newborn infant (or both) and pregnancy or delivery (or both), and sometimes it is difficult to distinguish and classify these causes.
7,14,15
The study of mortality in this group is harder because the extent of under-reporting is even larger. [8] [9] [10] [11] [12] [13] In fact, no common reporting and analysis systems have been established in developed countries regarding perinatal mortality; there are no equivalent reporting systems within each country that would serve for a study of this type of mortality and to establish an actual comparison among hospitals, communities and countries.
In Spain, a few investigations [8] [9] [10] estimate that under-reporting of national perinatal mortality reaches 24-35%; and establish a relation between certain circumstances and this phenomenon, such as low birth weight, early gestational age, and legal criteria or unclear definitions regarding the report of such deaths. The group of newborn infants analyzed in this article is precisely the one that meets all these issues.
In spite of such difficulties, health organizations recognize that low birth weight newborn infants and preterm infants, especially those born with less than 1000 g, have the highest morbidity and mortality rates. 1, 3 This group accounts for a very low percentage of total births (0.7%), 16 however, it contributes to 20-50% of mortality during the first year of life. [16] [17] [18] In Europe, 3 this group of newborn infants accounts for 29.3% of perinatal deaths; in our research, such rate is a bit higher (31.41%), probably because of the under-reporting bias and biased European statistics, which are estimations based on data provided by certain hospitals in each country.
According to the official data provided by the Spanish National Statistics Institute (Instituto Nacional de Estadística, INE), 4 fetal mortality rate in this group ranges from 207.9‰ to 356.6‰. Under-reporting at a national level is probably the cause for the higher fetal mortality rates found in our research.
When analyzing the results, the fluctuation of rates in some of the years, together with their wide range, have definitely influenced their lack of statistical significance. Fetal mortality does present a statistically significant reduction; however, early neonatal mortality and perinatal mortality have not reduced. Perinatal mortality has reduced slightly, but insignificantly.
This slowing down of the decrease in mortality rates may be explained by the fact that it is The leading cause is the condition/disease of the fetus or newborn infant, or the main maternal condition/disease involving the fetus or newborn infant, or the complications of ovular appendages contributing to perinatal death. % = percentage over the total number of perinatal deaths. * = all cases due to maternal hypertension.
reaching rates that are hard to reduce. This has been pointed out by other research 19 suggesting that there are certain "biological limits" and that it would be very difficult to reach reductions below such limits based on current scientific knowledge. 20 Occasionally, certain situations leading to fetal death are unavoidable, as in the case of umbilical cord accidents in preterm gestations.
On the other side, it is difficult to reduce maternal conditions 21, 22 or pregnancy induced complications (hypertension, placental problems, etc.), but they may be controlled more closely, 23 and these result in an increase of iatrogenic delivery of preterm newborn infants.
In fact, in this study, maternal hypertension was the leading factor contributing to this type of mortality associated with maternal conditions. Some studies 24 suggest that hypertension related to preterm delivery is the main cause of early neonatal and infant mortality, because it leads to forcing a preterm birth and also because hypertension may cause placental dysfunction, which results in fetal and placental complications 25 leading to fetal or neonatal death. So far, all interventions targeted at preventing hypertension during pregnancy have not been effective.
When analyzing causes of death, the problem regarding the definition and classification of causes of death comes up, since the different investigations on this field do not analyze them in the same manner, 12, 13 and immediate and main causes overlap, as pointed out in different studies. 7, 14, 26 For this reason, it is necessary to establish homogeneous and contrasting criteria that will serve in the future as guidelines for taking actions and reporting. 15 Disorders of short gestation and low birth weight (extreme immaturity) constitute, in this research, the most common immediate cause of death (23.7%), and it has also increased over the years (1991-2000: 19.7% vs. 2001-2010: 27 .7%), and this is consistent with the increased number of multiple pregnancies in our facilities over the last decade. This circumstance has likely contributed to the high percentage of this cause of death in our study (23.7%) when compared to what has been reported by other authors; 17 however, most investigations have shown percentages that were similar 15, 27 to the results presented here, making extreme immaturity one of the immediate, main causes of death. 26 Severe malformations were not an important cause of mortality (only 11 cases) in this group of newborn infants. This is because of technological advances and the specific training of professionals, which allow to make a prenatal diagnosis before reaching 22 weeks of gestations and to make decisions regarding pregnancy termination. The low percentage of malformations (8.4%) in this study differs from what has been referred by other authors (14%). 17, 28 Several investigations 17, 29 indicate that intraventricular hemorrhage is one of the top causes of death in this group of newborn infants; however, there was no case in this study, probably because of the standardized use of corticosteroids for fetal pulmonary development and the consequent protection of the central nervous system. Hyaline membrane disease, which is also an important immediate cause of mortality, accounted for 6.9% of deaths in this research, contrasting with what has been referred by other authors. 17 Preterm PROM is still one of the major obstetric problems today. 30, 31 In this study, it caused the death of 31 of these newborn infants (23.7%), together with suspected chorioamnionitis in most of the cases, and this has determined that pregnancy termination was decided for some of these gestations (iatrogenic preterm delivery), sometimes even in spite of great immaturity. Infection/ sepsis/septic shock are one of the main causes of death, 32 with great variations (14.3-21.4%); 17, 28 and reaching 53.7% in some investigations. 29 In this research, it occurred in 15.3% of the cases and is the third leading cause of death, following disorders of short gestation and low birth weight (extreme immaturity), and intrauterine hypoxia and birth asphyxia.
Preterm PROM, 33 together with its consequences, should therefore be the subject of further obstetric research. In the HUSC, our protocol indicates to administer progesterone to women at risk of preterm delivery, corticosteroids when there is a chance of having a preterm delivery, and antibiotics in the case of PROM. This last indication may have contributed to the lower incidence of infection as cause of death in relation to other studies.
The advance in assisted reproductive technology has increased the number of twin pregnancy problems. 34 It is a fact that morbidity and mortality are 3-7 times higher than in singleton pregnancies. 35 Recent studies 29 have shown that perinatal mortality is 3.6 times higher and that fetal mortality is 5.9 times higher. Such high morbidity and mortality rates are caused by the high incidence of antepartum complications, preterm delivery and uteroplacental insufficiency; 35 together with higher maternal morbidity and mortality and an increase in health expenses and the resulting emotional cost for the family.
In our study, the number of stillbirths in multiple pregnancies reached a mortality rate of 23.7% and it has tripled over the last decade (from 7 to 24).
CONCLUSIONS
The group of newborn infants with a birth weight of less than 1000 g accounts for 0.47% of all newborn infants; however, they contribute to more than 30% of perinatal mortality.
The main immediate causes of death are extreme immaturity, intrauterine hypoxia and infection.
Multiple gestations, maternal hypertension, infection caused by premature rupture of membranes and the uterine dynamics leading to preterm delivery are the leading causes related to death in this group of newborn infants.
The reduction in mortality rates in this group is undergoing a slowdown. n BIBLIOGRAPHY
